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Thin invention relates to a iiiethod and apparatus tor 
beating an eUasftted space or ti» location Containing an Glongatod 
hrMitor, Koie particularly, the invention relates to mi eXept.rJ.oM 
reactance he*t*r for heating an olofuiAtod subterranean JiomtidLo 
At rfltOL which are different at. different depth*? the borsh&X«, 

:tt U known to be- bohoiicial to us* &Lohgat«d he-aterK 
uuch as well heaters, for beating interval* ot subterranean . <sarth 
iornmtl.onij, pipe Interiors, or other elongated spaces. In various 
actuations, it is desirable to heat such epsaes at relatively high 
temperatures- tor relatively long tines. Beneficial rcnvlts 
Obtained by such heatincj may include pyrolieigg qil sU*U« 
fortnattonB, ooUng oil to consolidate uncotiaolldAtod roMiv&u 
£ormati&ns, colting oil to form electrically conductive oarboniztdl 
zones capable of ope rating as electrode* within a reservoir 
rorftation, thermally displacing hydrocarbons derived from oila or 
ter B into production. Ucar-Xoas, preventing foraatioti of hydratoa, 
pr*i;J,pitates, or the lifce in fluids which aro being produced from 
w*11b and for traiUMUtte* through pipes , or tbft UKc. 

The invention aijf.d to provide a heating apparatus which 
iff CApable of generating heat at different rates at different 
depth? in a well. 

In accordance with the invention th«re is provided \n & 
procesa in which subterranean earth formations within an inturvsiX 
ir.oro thnn 100 feet long are heated to a tenperatura of wore than 
b0o°c\, 30 that heat ia injected fMibstantiaUy uniformly into that 
Interval , ail iir.provoitie-nt for constructing and installing a beater 
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having an electrical cable heating section which ia free of 
KpAScea, ooiiptisiugs coeitftructintf Suici heating cablo action toy 
compressiveLy enraging at Least, one portion of a }uaot ion- 
'electrical heating cable to raduco itu ii^ at said at iv&st qjj<s 
portion, said cable i B at Uaat a* long as the ftarth Jlormation 
.Interval to he heated and comprise b* an axiiUU flii^cd, maiieaiue, 
electrically conductive tore currouttd*d hy granular miner*! 
Insolation within a mstal ahoath, ao that ava^ari poxticn ff<jnerates 
hast at a rate higher than the unavagad portion; correlating the 
location ol said svagiftg witfc the pattern of h6at conductivity in 
the earth formation interval ao that at leapt one comprGaaively 
swaged portion of the ciibla is located aton* tha cable in & 
position auch that, when the cable is extended along the eavtfc 
Sorption interval to be fo^atort, the coflipr*s*ivt»ly *w*ga<l portion 
is adjacent to a portion of Tha earth formation interval . in which 
Ch* neat fionduetivUy is relatively high, cennoctihg ofxid 
selectively swaged heating cable section to at least one power 
auppiy cahU and spooling the interconnected cable a? and 
unfjpooling the interconnected cafclaa into a welinore along with a 
ve^ht- supporting metal conduit . while perloAieaJly attaching the 
cable* to the conduit and extending the cable a and conduit to a 
depth at which the conpre actively swaged portion* uf the cable ara 
positioned adjacent to tho earth formation* having a relatively 
hi?h thermal conductivity. 

The invention vili now he explained In more tfetaii wjtn 
reference to the accompanying drawing? r in ^hithi 
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rigura 1 is a thrae-dimaiioiojial iUuntzatioA af an 

portions auitabla fox uae in the puefien* invention. 

Pigur* 2 sohemnUoRliy UUuntrateff ube tn&ta.Uiag of an 
oluctricai xe B i*tanc & hftatar within the «n i* acc;or<3* rt *c Cfith 
the pceaent ItvwitjLou. 
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Figure 3 shew* a splice between a rnetal-aheatfiod insula Wtcl 
pa>,\ir supply c-.-ible and a Hiatal -shrja thai insulated cablti suitable as 
a beating eleioent of the present invention. 

Figures 4 aud 5> illustxarta SplicOG for ela^trict-illy inter- 
conn&ztirjg the caxkictive correa of a pair of nete i-F^ettied minaralT 
inflated heating cables suitable* iu> being oabJ.es in the present 
Invention . 

figure 6 ahows an olcctrloal power supply circuit 3Uitabte feer 
use in the preeent invention. 

Th£ preeent invention Is at Xflast in part premised CO a 
discovery that the propsnrtioB of an eler^ical conductor fsixt) a 
itetal-shoathsd solid jrHtHrial-insulsfccd electrically cLKductive 
cahis containing a single copper coro) are su~h that results of an 
application of oonpres3iv*5 sraging to tha c/itsidte of the metal 
15 tiieath are transmitted through the inautation bu tho core of tits 
cable in a manner ouch thit oaoh of these oonparjents ore 
substantially siirul^jeojsly reduced in crnf^sectianai area by the 
S£cn& relative amounts* The reductions in tile cable core croas- 
aeotianal area can be controlled to cause the swaged portion of the 
20 cable to generate a a.-Lgnificantiy higher errcunt of teat iser unit 

time than <4>*fc *hich vrauid have been gara>rate<l wittant the swaging, 
avtan at a substantially la^er temperature. 

In a proforred eatoodiweut of tbp invention, such a swaglr^ xa 
<io:>& by a proofs oE rotary paging, amounting to oetrprcssiroj the 
25 cable with many hlais applied by rotating dies. Rotating swaging 
dET/ioaa and techniques &ro known and ccnTOwciaily avsiioblo. Sticb 
irachinaa ooaironly contain two die? which reciprocate rapidly as a 
spindle in which thiy aru enuintad lc rotated. A ccenpre salve rotary 
swaging operation involves a banraring Action which haa fch« sane 
bsinaf idal material on raetal a* forging, it produces a desirable 
grain structure resulting in an incraaaed tensile atro^th and 
elasticity. Thd cold (in topers ture} swaging tends to work harden 
Croat jretallic materials. If deairert, such a hardening Cttn b> ifl&de 
jnore flexible by annealing. 



30 
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~Xn a rotary swagirg operation, the extent to wtiich the gwaqed 
Material ia reduced ill Grcs^-seiTticivJil anca can lie controlled Very 
accurately. Per esxjavplo, slnco a metai-flhsatbad &oli& nateriai- 
insulatecl a^ppsr-oiared cdc^ric^J.^condutrtivc cable behaves as a 
5 solid material during a rotary iiwagiTtf] c^eraticn, such & cable 

having a dismoter ot trccn about 0.69 to 1.25 an can ba axvaged to a 
reduced didtfotor vitH accuracy oJ: about plua ar miraiu 0.OQ25 cm. 

figure 1 illustrates swaged and unsto&gcd portions of a "cable 
preferred, far ubb in the present invention. Ia tlie cable shewn, a 

10 Btfeinloss steel sheath 2 surrounds a mineral insulation 3 

consisting of highly oornprsssed grains of ire^nnaium oxide and a 
Holid conductive care 4 of substantially pore ccpp6JT is 
concfintrioally gurrQund&i by the Ijisulaf.ioii and abeath. In a. cable 
of the type ahewn. where the inner and cuter dj-aroe terra of the 

1>> BJueath 2 ^irsa 7,23 and 9 and thu diajnator of the oca* A ia 3 ntt\, 
iu the uuewaged portion, the cab.la may ^ler-ata a temperature oct 
about 600 "C when aanducttiiy L80 sirpemss of alternating current.. 
However, ii\ a swaged portion of tlie cable having ft dlsroetcr reduced 
by 1G%, a beenperature of about 850 *C is gerarafcad when tho cable 

20 i a oamcJLctirjg the same crjn-ent in tha saine environment. 

In a oroJtarred enbodunent^ the present iYwentSorx can be 
utilised for providing a formation- tailored method and afppariitui* 
for uniformly heating' long Intervals of subterranean earth 
tomatiana at high teisporature . i»jccnrdins to this rtathcd 

25 si^erranesn intervsla are. heated with an electric heatrsr 

coiitaiiUng at .leant one spoo.lable stoeL-shw.thed mineral- insulated 
cabla havircj a solid central core of high electrical conductivity. 
^>uch a Labia can be arranged to heat tba earth forwaciens so thrtt 
boat i*s transnitted into the fanietions at a substantially uniform 

30- rate, even when the hosting involves mora than about- 330 watts per 
cnatra at teqp&r&ttfrGS between ajotxit 600 aixJ 1000 *C. Tfce unifomuty 
Of tlie bent truniiflii»'sian is ensured by providing the heater wf.th a 
pattern o£ electrical roflistancea with depth within the well 
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oorrf^lartert *ith tlie pattern nf heat uonductiv.Uy wi<:h £epth withici 
the warvounding earth forjoatians • 

F iguxiH 2 shows a preferred eiiixviiroent of a well tecicer of the 
present Ijwentian balmy installed within a wall. AfiT ^hCWIW a p&ir 
5. Of selectively awtvjiid heater cables v.ith BMngad anrt unswayed 

portions ot tfca type tficwn la Figure 1 are bqirg un pooled 5.1100 a 
•wall frcen spcoling meana 5 and 6 while a support irembar 7, such as 
a wire line or spoplable roertal conduit/ is oono^'rentLy unapcolod 
into the wll from a spooling ireana (not shewn) . The *cwer and of 

ID the support neons 7 is attached to a motor KQ&W 9, *b a 

sinker bar for a vertical well or a punipeibla OT Other itDCor TTBana 
for a substantially horizontal rail. The lower ends oJ: the heating 
osble, *7vacje3 portions lb/ are uecbanically attached to a eaJble 
junction or erid-ccnn«cbor 9 in vhtch the cenfluctive ooteb aro 

15 electrically Interconnected (as shewn in wort detail in Vigure 4). 
f £be junction 9 la a.l^n msdnanically oonnectccl to the support, jnefrber 
7, for exaropltf by a. strapp-inci means 12. Ths lewar <an<ls of the cable 
portions, *ihlch ar<; tvaged for increased heatintf, are olcctrically 
ii^erconrracitad in the er£ caruueclx^r ? and positioned to oxtenS 

?0 through tha zone selected i!or receiving the ircreaDed heating. 

tie unawagsd portions la ot" the heftttr^f cables, designed for 
miniiTal heating along tho sono to be heaced, are positioned to 
extend above cbe gw^qed portions lb for a distance sufficient to 
reACh a ZODflO Vhich ia cool enryjgti for an intcroCOTiec'tijon of tte 

2-5 heating cable poctiooR la with powar supply cables 10 by insane at 
jamtfi or splices U for electrically and madlntiieally inter- 
oonnestirjgr the. powar supplying ar4 beating cables. Tbo power supply 
cables 10 are arranged 2or carrying a selected amount oi ourr<aat 
while generating cuiiy A jGiniirel dOtcainc. of heat. Tba details of 

30 suitable mechanical and electrical cable connecting joints for UbC 
vith uatal^sheathed xninsxal- insula t^cl power supplying cables are. 
illustrated \n irigure 3, 

A3 the boating and power aupply cables 1 and 10 are run \vtn 
thd ^11 , alarjej v?.ltl\ t)^ vex ^bt- supporting strand ^ , the cables are 
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periodically attached to tha strand 7 by meaiiB of □lon^s or 
c^trdjppinq oceans J.2. &jch clanip£ «uta arranged fen: cresrtiuy ft 
fraction between the cablea and str&rx3 which is sufficient to 
support the weignt of Ch# lengths at tha cable? which are legated 
5 between the clanps. 

Figure 3- illua twites details of preferred arrangwentn of 
splices 11, shewn r the: power supply cabiu 10 haa a metal sheath 
14, such as a ceppar aheatJi, . surroondliig an insulated olectricaUy 
ccoouc tive core 13 having a oocibi nation of crDSB^sestiortal area and 

10 electrical real 5tar.ee per unit of length adapting it to carry bha 
current to be used in the heating operation vhile generating only 
an ineigrjificailt amount of heat, As- shewn, the power cable shoath 
14 as veil as a power cable core 13 euro larger than the sheath 2 
and core 4 of the unswtfjext port to exf luting cable* la. The 

15 o^nductivc corea of the cable are electrically interconnected, 
pre-fer*ibly by wsJdincj* tn general, the pewer cable can otxtpeitte 
substantially any typa of electrically occncluctive cable which i3 
adequately heat stable at the teirperature generated by tha miaimuAi 
heating portion of a heating cable such as la, Wlicre rJbe Tcexitfura. 

ko selected heating terrperaturo is sufficiently lev and/or tliP 
distaavTfi baftaeen the pwer supply arid zene to bs Ideated to 
adequately short, tha pewer supply cable can nangjri&g» a ircta!- 
sJieathed TirirjerAl-infeulatod ^Dlld-coved cable which its selectively 
Rv?aged to provi<f.e tic aolccted heating ten^erabure so that no 

25 splices 3tyh a« splicaa 11 am needed. 

AO shown in Figure 3, a relatively short fvteeve 15 f aadh as "a 
steel sleeve, .Is fitted around and waited or braced, or otherwise 
mechanically attached/ to the aheath 14 of the pswer cable 10. Tbo 
gleevts 15 is preferably selected to have an inner diaaneter fDiminy 

JO an annular spftco botwoen it an3 aheath 2 large- tsncugh to 

ftoxffioccdate a shorter steel sleeve 16 fitted around the sheath of 
"f;l% cable la. In a praf<arrcd asseutoling prrjoaaure, before inserting 
the short sleeve 16, substantially all of the annular lyaca between 
the cable core Trenfcera 4 and 1J and Glceve 1.5 is filled with a 
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pcwdared mineral insulating natRrial such as magnesium oxide. 'The 
insul&CJ.ng material i£ preferably deposited v/lthiri both fche annular 
space between Vi& cflblc core? and the eleevs 15- as weU as the 
s££»oe between the b1Ujbv£: 15 and the oteath 2 of the osble la, and 
fi vibrated to <x*rpact the mass of particle?* Sleeve 16 cjfin tlien fce 
driven Into trs space bet^'ecn the sleeve 15 and abeutb 2 90 that, 
the cress of Trdnera.V insulating particles i<* compacted by the 
driving force. Slfcevei; L5 and IS and a heath 2 are then welded or 
braced togatl^jr. 

10 Ficmre <) illustrates details of an end connector or splice 9. 

As shown , cables lb oro ojctandad tHrmicjh bolea in b steel block 9 
50 ttat short sestiens lc extend into * cylindrical opening in tJie 
contra], portion of tba block. Uie electrically conductive cores of 
the cables axe welded together at weld 17 am3 the cab La shoaths are 

1? xeldsd to block 9 at we Ida IB. Prof crably, tba central ocxvAjct&rs 
□f the cablc-s are sorrciiirj&ed by a heart ettblG olecmca\ inflation 
such as a niiiaa of compacted pafcvterM mineral perticleg arnd/o** by 
disc? or; ceramic materials (not shewn) , after which the c&ntral 
opening is sealed, fear example r by sreldir*g-nn piecsa of a teal (not 

20 stojn) . Where the heater Is supported, as shown in Figure 2, by 
attaching it to an elongated cylindrical structural member 7, a 
groove IS is preferably formed along an GXtcrior porticn of end 
epiico ? to cnate with the atructurol meDubsr and facilitate the 
attaching of the end piece bo that member, for axanip}.e, by a 
strapping rteaas "12- 

J'igure 5 Bhowa a preferred type of end connactor ^sihich 
eliminates the neeS for fitting and voiding a heater ctibte to forvi 
a pair of henter cabl£js, such as cttbtea 15* The heater cable is 
singly cent into a U-turn and £nechanlo&lly cJampsd to block 20 by a 

30 fcol bed-on clamping plarte 21. The blccJt 20 is prefer ably provided 
with gra^we 2?. to facilitate tha clanging of it to a cylindrical 
structural msrcbex such aa the cylindrical merabor 7 shown in 
Pigura 2. 
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Tn <?eancral, fchs power supplying e]^eat:B can conrpriet; 
auhetantially amy j\c or lx: sy&ttef) capable of caua.ing a hautor of 
tha present type ro heat at th© sclta ted relatively high rato. Such 
a beating ratio can be about 3in w^ts i>sr rretre or htx*, 

5 Figure fi is a diagram of a preferred arrangement of 

alternating current olectrtoal p=*er supplylrjgr elecneantfl suitable 
for the present typo of heater. r fhia arraiigiejittnt Includes two 
invcr3C f parallel, silicon-controlled rectifiers <SCHs) in tha 
circuits of tofch elenwsnta of a two-^sQmesit heater. In such a 

10 baL&ncad system the beater lugs should 1» of; equal resistance go 
that tha CttbLs- core junction,, paint A, (within fsnd oonnjeotor 9) can 
remain at zoro voltage or virtual ground potential. Qfce sheaths of 
the beater cablos are connected to the grounded centre rap of the 
transferrin **-cnndary. Since paint A represents tha waldad 

3 cenrcctian wifchtrj the end pifcOG 9, the potential difference between 
tho connection and the housing will !co zero Cor all practical 
purposes . Ttess points rauld be in electrical contact vithout any 
conduction of current* At points advancing upward alco? the lege of 
thB hooter, the potential difrereix» batw^ttn tfco shaaths and the 

20 central conductor 'can irarease and finally reach Dnaxinwmg such aa 
plua or minus. 2<0 V. 

Xn various situations in which an elongated space ia to be 
heated, ttje in aitu thermal amdiwticn iray vary jaigni.fiuarjtly 
vithin various iayt&rs or locations along that a^ace. A iimro hoat 

> conductive layer will carry off th* hoat generated by a heater 
JEaster chan a leea conductive layer. Ajs a result, the tenperature 
tfaintained ty an electrical reaiatanuci luster carrying a given 
anttait of current will V;e lowerr opposite a ctore conductive layer , 
In situations in which it is desired to mnintaio a fiat or uniform 

1 heating rate alojtg the space beir.g heated, it ia dasirablo to 
reduce the heater oora caras-s*cfcicnal area in order to gar tor ate 
heat at the aane rate as that In ot]\cr portions of the heater whJch 
are liotter. 
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An electrical rRsiatanco heater can be caueud to 9caicrate 
selected hesrttr/-( ravjefl at dif&arecit Ic^atinma along the. heater Jry 
installirxj hoater sectiona acmtninltVj conductors cf varying ctco- 
ae-jtiaris. 'toe tytf&Lljex oars or cooviuctor crC6£?-secHooB exhibit nare 
5 rQ3!3tanc« to tha cicatrical current flow and thua generate teat st 
a rate higher than wold be 9er.crat5d by a tntctoor core at the ewfi ' 
ten^corature. exanple,. it can heat at a saiocrteel rate at lower 
tampsrature existing along a relatively Tnore hetit cajducu^ve layer 
oar sOttC: v^itflin ths apace- taiing heated, 

\0 Tho present invention provide a method o£ causing a heater 

twir-g 6n electrically conductive core which ia cmtinuous and 
unitary to generate ccn&tant and/ or selected avennta of heat alcsv? 
one or a multiplicity of different partionu of the heater without 
requiring a multitude of heating cahte slices. Particularly where 

15 tho heating is tn ba conducted ar- relatively hi<?h tcn^oraunrrsa for 
long times, Yielding problems and opportunities £or leakage are 
inherent .-In cutting and slicing of electrical hnatingr cablen. 

In respect to an electrical resistance heater corpcriaing a 
pair of electrically .iutn ream =ic ted iratM-sheathed solid mitcrial- 

20 insulates cables each containing a malleable tne+«l electxically- 

OTtductive oors, fbi^r <?ets of rntary bitching dies can be arranged 
for voiding percentages of fliarratrical roductiens of 6, 12, 18 
and 24 in thfi* initial overall diameter of oaoh cable and ita 
cenductive oarc. By reducing cne portion ox the cable c&axneier by 

;! r j 6% and another by 121, the overall reduction is 9*. Ity six:h 

procedure?, the overall exoas- sect! coal reductiooa for both legs of 
the heater can be provided in eight steps of roughly 10* each. [?or 
oxartple, see the fullcwir.g table: 
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DIAMETRICAL REDIUITXCT ORQ3S ~ f£ECT!/CWAL REDUCTION 

LSG 1 LEG 2 DOW X.*ES 



0 


6 


1U6 


6 


6 




C 


12 


34,2 


12 


12 


45,1 


12 


j.S 




18 


10 




1.8 


24 


75.0 


24 


24 


04. S 



In such a procedure,, if the stocw-deacribai pnaforrad pcwsr 
supply is to fee used, it is mcsssary that each leg of tha boater 
after reductions in its ccrre diacnsbar have en overall resistance 
equalling that of the ottor leg after reductions in .its oot 
5 diamRter. Tnls is nooessaxy to ensure tha tero voltage potential of 
the intarocMrtC&todt conductors in the end place. Tfrus, it is 
neceaeary to divide, the cver&ll extents of electrical core 
reductions evenly truer both lengths of the heater, 

Substantially any oaciiprGs'slve svaefing procedure which Ijs or J.s 
10 substantially equivalent bo rotary sv/&</£ng can suitably he. iised in 
practising the present inwntiqn, a^au^les of svragirxj mchicxis 
and/or techniques which can {suitably he used ace incluRi^ra of diu 
closing awning machines, such as those* jRstuif aafiired by Tha 
!X>rringtoo Ctj:npany r or Abbey Aetna ^ chine Ctarpa/iy or Ferm 
1.5 ^nufacturing, etc. 

A-wer au^ly cahicia capable of transmitting the anoint of 
current elected to be ueod whlie- gemratiiigr only a relatively 
Insignificant arcqunfc of heat and having sufficient: thernrtl 
atabiUty fgac electrical and JiOdifciDioal ati^K*Tment to thu mtaL 
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tftaeaidvsd cable selucte^ for qienerating a cainlnujo ancrant of heat can 
suitably ueed in this tnvent-ton, Exanplas of suoh cables includa 
those ava.i.tabJje as axcc/Pyrotenac (41 rabies. 

la general, P in a situation In which an electrical conductor 
5 v/Ler\ not fco insula ted r the present invention can ba tu'&ctised rvt eti 
substantially any plectricol ccoJuctor which ,ir oontintiCOS and 
unitary fi.a* is a cemtinucua body froo of iatercchnected 1 S6gir«3]it3 
or Fstranda^ and has a core or conductor thickness U,e, a cross- 
Clonal area of the- electrically conductive [raberlaU vhich is 

10 different in different locations along the length of the electrical 
oonductor, Preferred eloc;trioal conductors comprise sjnerte 
conductive conea of malleable line ta Is or alloys surrounded by a heat 
stable- eoll<5 insulated raterial witJiin a beat stable tfs&tal sdieath 
euch hq refractory ccw3er or aolicl fibre insulating materials 

\5 wifcbiu copper or stool sheath-e* A copper core surrounded fay 

pandered uiagr>?aiurn cadds within a ocuper aheftth £or use afc ncderatu 
temperatures, or a stainless steel sheath for u£e (it high 
terrperatureB, is particularly preferred. 

In general, the present invention can utilixoJ to initiate 

20 and itaiutaJrt a substantially unifbrai rate o£ Iieatirxf along a space 
containing At least one portion having a relatively lew rata of 
lieat conductivity and /or to estaKUeh and maintain a relatively 
high raba of. boating along selected porticos along a space 
■ thrcughcxit which the rate of heat conductivity is nearly uniform- 

?5 itoe variations in haa± canriucta vi ty with di&tanos alcog an 

elongated path can be determined by weann of rfuraettxjc kncfcfli and 
available de : /ioea and technics. 

m a particularly prafurxfld procedure for utilizing the 
present invention tor heating along a path aloncr which the h^t 

30 conductivity is oenvvwifbirm, a selection is mads of the rate of 
heating bo be provided when an electrical conductor having the 
canpoeition to ba used is conducting the neurit of current to ba 
used within n hontogGinaoust medium lwcvinq th& lowest heat 
ccod activity' to ba encountered a Seng the path to be heated. The 
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jitaxivaiun thickness for t'ne elentrictfil oocrtducfcor to used is. then 
tb& tb\ckneas which providsa thAt rates of haatirjj in th&t 
situation, 'Ihe thickness of portions of the oortductnr to bsj 
positioned aJLtmcr portions of tte path whidt have higher heat 
r , fcciriuctivities are then it&de tbinnsr bo aia extOTlt substantially 
OOTjoensatdng for cha mora rdpld coMucting^awfly of the- he*t by 
those higher baat oaoidjurtivitUs. 

Mtenxiti^Jnelyp where it ifl daei rable to generate heat at 
relatively rapid rates along portions of a path to ba heated (for 

10 exajrple, a lung tcp and hotton portions of a m]bterrart£c<rj c&rth 
ixmnaTu ivn) such em arranyeTPent can ba Jt&da f a^fcho'igh the; boat 
conductivity n»y be stibstaritially uniform all along the path to lx? ■ 
heated, Xte conductor thickness md roslstartce to be uesd along 
snast of tJie cable conductor £ire select^ to provide the ssljecbed 

15 rata of halting along a hesnogehaous material having the. jiaat 

ccrductivity cjmTco to inoat of tho Interval, to be hearted. Then, f-ba 
rrore rapid heativjg rats along aeJ«^te:S portion? of the path can be 
obtained by thinning the parkww of ths conductor to ba ext&ndad 
i.lcog those portions oil ths path* 
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THE AHBOPICNRJITS OF THE INVENTION III WHICH AH EXCLUSIV3 
PAOPSRTY OR PRIVILEGE 13 CLAIMED hRZ DBPIWBD AS i/OIa.OWSi 

^ ■ In a fa-oca as in whtch aubterranean earth forwa.tiouB 

within an interval more th*w ion fleet long are h&hfctfd to a 
temperature ot more thati 600°C\ , ao that heat is inj&ctod 
eubatantiaUy xnUforttly Into that interval, an improvement fox 
constructing end iustalling a heater having an electrical cable 
heating section whtoh i* free of eplic<s&, tfoiwrifting i conatr uctia? 
sal 6; li^&tJ.n^r cafcle Diction by compress tve J y swaging at laaat on* 
portion of a junotlon-tre e electrical hftatiiitf c&bla to ttdvaa its 
6i2S At ifaid At loiiet on© portion/ said cable is at least aa long 
aa the earth formation interval co beat*d and comprises Ah 
axiaUy aligned, mfttleatoia , olactri<?ally conductive core 
surroundoa by granular xUn<S3ral Ueulation Within a net 8.1 SheAth, 
bo that swaged portion g«n*rutea; hoat at a rato higher than the 
Oftrtsa^oO portion; ear relating the looaUor of said Rwaging vith 
the pattern of heat conductivity in tha aarth formation interval 
BO that at Laaut ona compresai vely swaged portion of the cable is 
located along the cable in a position PJUCh that, *hr>n tfcr> cable in 
extended alosg th« sarth formation interval to be heated, the 
coispraHsivelY ?Ka<jed portion ia adjacent to a portion of the earth 
£o cm at ion interval ifl which tha heat conductivity io relatively 
high) connecting aaid selectively swaged heating c&bLe Miction to 
at UftBt ere power supply cahie And ripooUncr the interconnected 
cables, and uciapooling the intarooouegted sables Into ft w«Ubor« 
along with a weight- supporting metal ooaduit vhil<j periodical I y 
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attaching LUe cslUeR to ti\e. conduit, a.ud *x tending the cables and 
conduit to €\ do^Ui at which the coitip cens ivoly ^vag'ed portions oi* 
the cabLft portioned adjacent, to tU* earth £flrra*uJLonp having 
r^lottivuly high thermal conductivity. 

SMART St BIGG AH 
OI'tfAWA, cajjada 
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A Q 3TRACT 
RATS VARIANT 

HEATER 

Ail electric! resistance tracer capable of generating teat at 
different rtd&s at different lcorttions ailcn? ita length ccrcprises a 
ccntitnusua acd unitary electrical oonducbor bavir^ a thickmoea 
vtfiich is different at different locations along its length. 
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